The rat casein multigene family. Fine structure and evolution of the beta-casein gene.
Eight overlapping phage clones, spanning 34.4 kilobase pairs of genomic DNA, containing the 7.2-kilobase pair rat beta-casein gene have been isolated and characterized. The first 510 base pairs (bp) of 5' flanking, 110 bp of 3' flanking, and all the exon/intron junctions have been sequenced. The beta-casein gene contains 9 exons ranging in size from 21 to 525 bp. We have attempted to identify potential regulatory elements by searching for regions of sequence homology shared between milk protein genes which respond similarly to lactogenic hormones and by searching for previously reported hormone receptor-binding sites. Within the conserved first 200 bp of 5' flanking sequences 3 regions of greater than 70% homology were observed between the rat beta- and gamma-casein genes. One of these contains a region 90% homologous to the chicken progesterone receptor-binding site. The conserved 5' noncoding region, the highly conserved signal peptide, and the hydrophobic carboxyl-terminal region of the protein are each encoded by a separate exon. In contrast the evolutionarily conserved phosphorylation site of beta-casein is formed by an RNA-splicing event. The exons which encode the phosphorylation sites of beta-casein appear to have resulted from an intragenic duplication. Based upon the exon structure of the casein genes, an evolutionary model of intragenic and intergenic exon duplications for this gene family is proposed.